The Zonguldak terrane is a Gondwana-derived continental microplate along the Black Sea coast in northwest Anatolia. It includes a Cadomian basement, with oceanic-and island-arc sequences, unconformably overlain by siliciclastic rocks of Ordovician to Middle Silurian age. After a period of deformation and erosion, late Lower Devonian (Emsian) quartzites and shallow-marine limestones unconformably cover Middle Silurian (Wenlock) graptolitic shales. Along several cross sections across the unconformity plane, the mineralogical characteristics of the Paleozoic sedimentary rocks in the Zonguldak terrane are studied to check whether this regional unconformity is only of epeirogenic nature or the result of a thermal event. In addition to the appearance of kaolinite in Devonian units, crystal-chemical data of illites show a sudden jump at the unconformity plane. The b cell dimension values of illites of Ordovician-Silurian units are somewhat higher than those of Devonian-Carboniferous units and show a drastic drop between the Silurian and Devonian units. The new mineralogic data indicate that the pre-Emsian rocks in the Zonguldak terrane experienced a thermodynamo event, prior to the Emsian transgression. This Caledonian-time event is also reported in east Moesian terrane but not noticed in the neighboring Istanbul-Zonguldak and in the west MoesianBalkan -Kreishte terranes. By this, it is suggested that Zonguldak and east Moesian terranes behaved independently from the Istanbul-Balkan terranes during the closure of the Rheic Ocean. They very likely docked to Laurussia during Emsian by strike-slip faults and remained thereon at its platform margin, where the Middle-Late Devonian shallow-platform conditions were followed by fluvial (lagoon and delta) conditions and deposition of coal during Late Carboniferous.
Introduction
The Istanbul-Zonguldak terrane comprising the classical (e.g., de Verneuil 1836-1837) successions of Variscan "Paleozoic of Istanbul" is a Variscan terrane assemblage (Fig. 1) or a composite terrane (sensu Howell 1989) . Its original position and assemblage to the Western and Central European terrane groups (e.g., Baltica, Avalonia, Armorica) during the Paleozoic is a matter of debate (e.g., Kalvoda and Babek 2010) . One of the suggestions is that it was part of the south Laurussian platform margin in a similar setting to Moesia, until late Mesozoic (e.g., Görür et al. 1997; Stampfli 2000; von Raumer et al. 2003) and obtained its present location by southward drift owing to the opening of the western Black Sea basin (e.g., Okay and Tüysüz 1999) . Another idea is that this terrane assemblage actually consists of two different Gondwanan microplates: Istanbul terrane (IT), recently located to the west in Istanbul, Gebze, and south Camdağ regions; and Zonguldak terrane (ZT) in north Camdag, Zonguldak, and Safranbolu regions (Göncüoglu and Kozur 1998, 1999; Göncüoglu and Kozlu 2000; Kozur and Göncüo-glu 2000; Yanev et al. 2006) . The main differences between Zonguldak and Istanbul terranes were elucidated on account of stratigraphic variations and the presence of a Caledonian-time event in ZT (Göncüoglu 1997; Yanev et al. 2006) . These differences cannot be explained simply by lateral facies changes; hence, they were considered as two different Variscan terranes. In the Safranbolu area of the ZT, Paleozoic successions include a low-grade angular unconformity between Wenlock graptolitic shales (Sachanski et al. 2010) and late Early Devonian (Emsian) (Göncüoglu et al. 2004 ) carbonates. On the contrary, IT is characterized by continuous deposition during the same time interval.
In several detailed studies, textural and mineralogical configurations were used (e.g., Merriman and Frey 1999; Merriman and Peacor 1999; Bozkaya et al. 2002 Bozkaya et al. , 2006 for the interpretations in terms of various thermal maturities in these types of thick sedimentary sequences. To find out whether this unconformity is only of epeirogenic character or the result of a tectonothermal event, we studied several sections by means of petrographic and X-ray diffraction (XRD) methods (bulk and clay mineralogy, Kübler index (KI) value, b cell dimension, and polytype of illites).
Geological framework
The Istanbul and Zonguldak terranes in northwest Anatolia (Fig. 2) comprise more or less similar basement rocks, consisting of a crystalline series covering gneisses of continental crust origin, an oceanic assemblage (ultramafics, gabbros, and basalts), and an island-arc complex (granites, felsic volcanites, and pyroclastics) in the ZT. The radiometric age data from neighboring Bolu (Ustaömer and Rogers 1999) and Safranbolu Karadere areas (570-590 Ma, Chen et al. 2002) suggest that the basement is of Cadomian age. It is unconformably overlain by Ordovician rocks (Dean et al. 2000; Lakova et al. 2006) , which include greenish grey siltstones and mudstones (Bakacak formation) and dark-red conglomerates and sandstones (Kurtköy and Aydos formations) (Fig. 3) , with the dark-grey mudstones and siltstones including Darriwilian (Middle Ordovician) graptolites and trilobites; and the lithostratigraphic differences between the Zonguldak and Istanbul areas commence. Following a thick package of Upper Ordovician limestones, the Early to Middle Silurian period is mainly characterized by graptolitic black and gray shales and siltstones (Fındıklı formation). By this, the shelf-type deposition in ZT completely differs from the coeval fluvial to coastal-lagoonal sediments of the IT. In the former area, late Lower Devonian conglomeratic sandstones and quartzites (Ferizli formation) rest with a low-angle unconformity on different levels of Silurian and earliest Devonian rocks (Boncheva et al. 2009 ). The conglomerates are dominated by Kurtköy and Aydos-type pebbles, with subordinate amounts of clasts from the pre-Ordovician crystalline basement. They are followed by 800 m thick shallow-marine dolomites and limestones (Yılanlı formation) of Emsian (late Early Devonian) to Sephukovian (late Early Carboniferous) age. In the IT, however, the deposition is continuous and characterized from Middle Devonian onwards by slope and then by basintype sediments of latest Devonian -Early Carboniferous. Significantly, the post-Silurian -pre-Emsian unconformity does not exist in the IT. In ZT (Fig. 3) , the platform carbonates are followed by a thick succession of fluvial sediments, with coal stems of Late Carboniferous (Westphalian G) age.
In this study, Paleozoic units in the Eflani-Çatak (section 1), Araç-Karadere-Ovacık-Karasu (sections 2-4), and KarasuYayladere-Madendere (sections 5 and 6), shown on Figs. 2a-2d, were measured and sampled. From these, disregarding the variations in thickness, the successions are very similar. In the Karasu-Yayladere-Madendere (sections 5 and 6) in north Çamdağ, the coarse clastics of Kurtköy formation are well developed, whereas the Middle Ordovician graptolite-bearing black shales are not encountered yet.
Material and method
A total of 222 rock samples not affected by Alpine deformation were collected from the measured sections and analyzed by optical and XRD methods.
The XRD studies were performed in the X-ray diffractometer (Rigaku DMAX IIIC) at the Geological Engineering Department of Cumhuriyet University in Sivas, Turkey. The analysis was made using CuKa (l = 1.541 871 Å) irradiation, Ni filter or monochromator, 35 kV and 20 mA voltage and current, respectively, slits (divergence, 1°; scatter, 1°; receiving, 0.3 mm; receiving monochromator, 0.8 mm). Scan speed was set as 2°2q/min (where q represents the diffraction angle) in the range from 5°to 35°2q for the whole rock, and 1°2q/min in the range from 2°to 30°2q for oriented clay fractions. The clay fraction (<2 mm) was separated by centrifuge after dispersion with the sedimentation method. Carbonate and organic matter were eliminated by HCl and H 2 O 2 acid treatments. In addition to air-dried samples, clay fractions are also saturated with ethylene glycol (EG) at 60°C for 16 h, and heated to 490°C for 4 h. After sample preparation and clay separation processes, the semiquantitative percentages of the rock-forming minerals and clay-size fractions were calculated using the external standard method of Brindley (1980) . The determinations of the mixedlayered clays, such as C-S, I-C, and I-S, and proportions of the interlayer components were identified by using the methods of Moore and Reynolds (1997) . NEWMOD (Reynolds 1985) and WINFIT (Krumm 1996) computer programs were also applied for the interpretation of mixed-layer clay minerals.
Illite crystallinity values, the widths of the 10 Å illite peaks at half-height (KI, in degrees D2q; Kübler 1968) were used for the determination of diagenetic to low-grade metamorphic grades. The KI values were calibrated by means of both polished-slate standards (Kisch 1980) and crystallinity index standards (CIS; Warr and Rice 1994) . The details of calibration lines and linear regression equations were given in Bozkaya et al. (2006) . In this study, CIS calibrated values were preferred because of the widespread usage in the literature. The limits of the early and late diagenesis, and lower and upper anchizone correspond to 1.00°, 0.42°, and 0.25°D 2q, respectively (e.g., Kübler 1969; Merriman and Frey 1999; Merriman and Peacor 1999) . KI values were measured from fitted peaks by the WINFIT program to minimize the individual measurement errors.
The reflections, d (060, 331) , of illites were measured on unoriented powder clay fractions using the (211) peak of quartz (2q = 59.982°, d = 1.541 Å, where d represents interplanar lattice spacing) as an internal standard. b cell dimensions of illites, reflecting octahedral Mg + Fe + Mn composition (e.g., Guidotti et al. 1992) , were utilized as an empirical indicator of pressure (e.g., Sassi and Scolari 1974; Guidotti and Sassi 1986 ). For b cell dimension determinations, samples rich in white K-mica but lacking in paragonite were evaluated as the Y assemblage in the AKNa diagram of Guidotti and Sassi (1976) .
Illite polytype samples were scanned in the range of 16°-36°2q on the random powder mounts. WINFIT decomposition by profile fitting was used for determination of areas and intensities of the specific peaks of 1M and 2M 1 (crystalchemical parameters) polytypes for quantification of individual ones with the equations of Grathoff and Moore (1996) .
Petrography
Paleozoic units are represented mainly by shale, siltstone, sandstone, and limestone-dolomite. Siliciclastic rocks contain monocrystalline and polycrystalline quartz, polysynthetic and zoned plagioclase, calcite, biotite, muscovite and chlorite, and secondarily of metamorphic and magmatic rock fragments, orthoclase, dolomite, zircon, tourmaline, apatite, goethite, and opaque minerals. The amount of polycrystalline quartz, feldspar, and biotite are high in the Ordovician-Silurian formations, whereas biotite, chlorite, and feldspar minerals are scarce or not found in the Devonian formations. Besides, Devonian sandstones comprise relatively lower amounts of clay matrix than those of the Ordovician-Silurian formations.
Shale samples from the Ordovician units show rough cleavage planes (S 1 ) in addition to bedding planes (S 0 ) (Fig. 4a) , whereas shales from the Devonian and younger units display weakly oriented bedding planes. White K-micas are rarely found as medium-to coarse-grained muscovite sheets or flakes and fine-grained occurrences in the matrix. Chlorites were observed as authigenic products within the micropores and (or) fissures and as alteration products of detrital biotites in the siltstones and sandstones. In the Ordovician units, chloritic minerals in C-S-rich samples are marked both as authigenic ones in the pores (Fig. 4b ) and as alteration products, whereas in I-C-rich samples, chlorites are dominantly transformed from biotites ( Fig. 4c) . Silurian biomicritic limestones exhibit weakly developed orientation and include carbonate-filled fissures that are nearly perpendicular to bedding planes in some samples (Fig. 4d ). In contrast, there is no orientation or widespread carbonate-filled fissures, which were observed in limestones from the Devonian and younger formations. Metamorphic rock fragments as lithoclastic fragments were detected in some limestone samples. Devonian siltstones and sandstones with quartz-arenite com- position have low amounts of fine-grained micaceous matrix and show weakly developed orientation, defined by thin muscovite flakes (Fig. 4e ). Authigenic kaolinites with spherulitic texture were also identified within the pores and fissures in the Devonian sandstones (Fig. 4f ).
X-ray mineralogy

Bulk and clay mineralogy
Ordovician to Carboniferous rocks of the ZT mainly contain phyllosilicates, quartz, feldspar, calcite, dolomite, hematite, and goethite. Phyllosilicate minerals are represented by illite, chlorite, kaolinite, mixed-layered chlorite-vermiculite (C-V), chlorite-smectite (C-S), and illite-chlorite (I-C) (Fig. 5) .
In general, quartz and phyllosilicate minerals are common in all formations, but the abundances of feldspar, calcite, and dolomite increase in some levels. Phyllosilicate minerals display some similarities and differences with respect to the underlying and overlying formations (Table 1; .
Granitic gneisses of the pre-Ordovician Yedigöller formation are rich in feldspar, quartz, and mica, whereas mafic metamorphic rocks are mainly made up of amphibole, feldspar, and phyllosilicate minerals, which are represented by chlorite, C-S, and illite-muscovite.
Bakacak formation, the lowermost unit of Ordovician, is exemplified by relatively higher amounts chlorite and I-C in the Karadere and Çatak regions (Figs. 6, 7), whereas C-V and C-S are high in the north Çamdağ region (Fig. 8) . In addition, hematite and feldspar contents of clastic rocks increase in the Karadere and Çamdağ regions, respectively.
The siliciclastic rocks of the Ordovician Aydos and Kurtköy formations contain more quartz and illite and less feldspar than those of Bakacak formation. These units comprise, respectively, illite + chlorite + I-C and illite + chlorite or C-S in the Çatak and Çamdağ regions.
Ordovician to Silurian Karadere, Ketencikdere, and Fındıklı formations involve clayey and sandy clastic rocks, with limestone intercalations. They include calcite and dolomite in addition to quartz and feldspar, and the phyllosilicate minerals are illite + chlorite + I-C ± C-S and illite ± I-C ± chlorite associations.
Devonian Ferizli and Yılanlı formations were characterized by fairly different mineralogic compositions, such as the abundance of dolomite, calcite, and illite, scarcity of feldspar, and the first appearance of kaolinite in the Çatak and Karadere sections (Figs. 6, 7) . However, Devonian and Carboniferous units show similar associations to those of Ordovician and Silurian units in the Çamdağ section (Fig. 8) . The presence of bulk and clay mineralogical differences between eastern (Çatak and Karadere) and western (Çamdağ) areas could be originated from differences in their respective source areas. 
Kübler index
KI values of illites refer to different degrees of diageneticmetamorphic grades through both vertical and lateral distributions ( Fig. 2 ) from the western part of the region (Çamdağ) indicate relatively higher diagenetic-metamorphic grades as anchimetamorphism and late diagenesis, respectively. In the vertical distributions of different formations, KI values change suddenly between some formation boundaries, such as the boundary between the Silurian Fındıklı and Devonian Ferizli formations in sections 1 and 3 (Figs. 6-8, 9a ). In addition, KI values of the Ordovician Bakacak and Kurtköy formations also reflect a sharp boundary in section 5. In the diagrams showing KI and b cell dimension values (Fig. 9b) , and intensity ratios of glycolated and air-dried peaks of illites (Ir; Środoń 1984), Silurian units clearly differ from the Devonian units (Fig. 9c) .
b cell dimensions of illites
The b cell dimension values of illites show wide ranges, from 8.975 to 9.036 Å, for a total of 67 samples. b values of illites from Ordovician-Silurian formations (9.012 ± 0.013 Å) are generally higher than those of the DevonianCarboniferous formations (8.998 ± 0.012 Å) ( (Figs. 6, 7) .
Octahedral compositions of illites change from muscovite to phengite. Illites from Silurian-Ordovician and DevonianCarboniferous formations have, respectively, phengite-and muscovite-rich compositions. When the measured b values of illites were evaluated as a monitoring of pressure conditions (Sassi and Scolari 1974; Guidotti and Sassi 1986 ), Silurian and older formations were exposed to relatively higher pressure conditions than Devonian and younger formations.
Polytypes
Illites reflect the mixed nature of three or two polytypes as 2M 1 + 1M + 1M d and 2M 1 + 1M d (Table 1; . 2M 1 proportions of the illites from Ordovician-Silurian formations are relatively higher than those of Devonian-Carboniferous formations. The presence of 1M polytype could be used as a discrimination factor for Silurian and Devonian formations near the boundary zone, as seen in sections 1 and 3 (Figs. 6, 7, 9d), except for sections 5 and 6 (Fig. 8) . Thus, the polytype data indicate considerable mineralogical differences between Ordovician-Silurian and Devonian-Carboniferous in the Bartın and Eflani regions, similar to the KI and b values of illites. As to chlorites, they completely represent the IIb polytype.
Conodont alteration index (CAI)
The Ordovician-Silurian formations (Bakacak, Aydos, and Fındıklı) have CAI values around 5-6. Devonian-Carboniferous units (Yılanlı and Madendere), however, have a distinctly lower CAI (2-2.5) value (Göncüoglu and Kozur 1998; Boncheva et al. 2009 ).
Discussion and conclusions
Lithologic and compositional variations in depositional environment
The vertical distribution of lithologies and their mineralogic compositions may reflect the corresponding depositional environments of the sedimentary rocks that constantly vary on account of time. In the study area, the Early Ordovician Bakacak formation unconformably overlaying the Cadomian basement is characterized by conglomerates, greywacke, (Reynolds 1985) was used for the calculation of onedimensional diffraction patterns of mixed-layered clays. d, interplanar lattice spacing; q, diffraction angle.
shallow-marine siltstones, and mudstones with graptolites and acritarchs . It is followed by variegated fluvial sediments (Kurtköy formation). The Aydos Formation is typically made of beach-type quartzites and quartz arenites. Middle Ordovician (Karadere), Late Ordovician Ketencikdere, and Silurian Fındıklı formations mainly comprise greenish siltstones, black shales with graptolites, and black limestone-shale alternations. The dominance of the black shales is typical for accommodation of large amounts of decomposing organic material, lack of bottom currents, and reducing conditions. By this, it is suggested that the Karadere, Ketencikdere, and Fındıklı formations were laid down in a restricted shallow-marine and anoxic environment. The Emsian transgression represented by quartzitic conglomerates and quartzites are again typical for beach facies. The fossil content and the petrographical features of the Middle Devonian -late Lower Carboniferous carbonates are characteristic of lagoon and restricted shelf conditions. The SerpukhovianLate Carboniferous coal-bearing clastics are indicative of a fluvial to coastal plain depositional environment.
In addition to lithology, the mineralogic compositions of the Ordovician-Silurian clastic rocks differ from the DevonianCarboniferous successions. The abundances of polysynthetic and zoned plagioclase, biotite, and chlorite in the former group seem to be related to volcanogenic input. High quartz contents but low amount of clay matrix and relatively wellsorted sandstones of the latter group are criterion for a higher energy environment.
Paleogeographic and (or) paleoclimatic implications of clay minerals
In general, clay mineral assemblages in ancient sequences are controlled by preburial and postburial conditions. Preburial controls are indicative of the source area, lithology, depositional environments, paleoclimate, and topography (e.g., Chamley 1989; Inglès and Anadón 1991; Inglès and RamosGuerrero 1995) . As a postburial control, diagenetic processes, on the other hand, can modify the original detrital composition of clays, or allow precipitation of new minerals from the diagenetic or pore fluids (authigenesis). Therefore, in sequences that had not suffered intense diagenesis-metamorphism, the lateral and vertical changes of clay minerals can be used as a significant tool to decipher the depositional history of the sedimentary rocks (e.g., Bozkaya et al. 2002 Bozkaya et al. , 2006 Bozkaya and Yalçın 2004) .
Clay mineral assemblages in Paleozoic sequences in the ZT point out both dominantly preburial and partly postburial conditions. There are chlorite-bearing mixed layers in the Ordovician-Silurian formations, whereas kaolinite in the Devonian formations were presumably related not only to the source area but also to paleoclimatic controls. Chlorite and chlorite-bearing mixed layers should be associated with metamorphic and (or) volcanic provenances with mafic composition under the high-latitude geographic setting during the Ordovician-Silurian. However, the presence of kaolinite seems to be related to changes of depositional environment or to formation in a different paleogeographic setting close Note: Section location numbers were stated in Fig. 2 . Qtz, quartz; Fel, feldspar; Phl, phyllosilicate; Dol, dolomite; Cal, calcite; Hem, hematite; I, illite; C, chlorite; Kln, kaolinite; I-C, mixed-layered illite-chlorite; C-V, mixed-layered chlorite-vermiculite; C-S, mixed-layered chlorite-smectite; b 0 , cell dimension values; KI, Kübler index; M, M 1 , M d , crystal-chemical parameters. to low latitudes under tropic conditions during the Late Devonian. According to petrographic observations, chlorite and chlorite-bearing mixed-layer clays mainly depend upon detrital minerals, partly of authigenetic origin. Kaolinite, however, is completely of authigenetic origin, which was precipitated within the pores during diagenesis, and it was generally observed as very fine-grained filling minerals in quartz sandstones. Feldspar is rare or absent in kaolinite-rich samples, excluding formation of kaolinite from argillized detrital feldspars. 
Regional tectonothermal implications of clay minerals
The drastic changes in associations with crystal-chemical characteristics of clay minerals within the diagenetic -very low-grade metamorphic Paleozoic sequences could be evaluated as fingerprints of the earlier tectonothermal events rather than local differences in the source area or climatic conditions (e.g., Bozkaya et al. 2002 Bozkaya et al. , 2006 Bozkaya and Yalçın 2004) .
The variations of KI and b values of illites across the Emsian unconformity together with the appearance of kaolinite in clay mineral associations in only Devonian parts indicate the presence of a metamorphic hiatus between Silurian and Devonian. Higher grade diagenetic-metamorphic maturation of Silurian and older units compared with Devonian-Carboniferous rocks also suggest that they were affected by a tectonothermal event, prior to the deposition of Devonian formations. This type of metamorphic hiatus is marked by the continuity of diagenetic-metamorphic grades, which is interrupted by the absence of one or more diagenetic-metamorphic zone from a sequence (e.g., Merriman and Frey 1999) . On regional scale, a metamorphic hiatus should be associated with a major unconformity rather than local depositional varieties. The dissimilarity of the KI and b cell dimensions of illites in Silurian and Devonian sections, where the former one shows greater degree of diagenesis-metamorphism, characterizes a difference exemplified by a hiatus in diagenesismetamorphism.
Mixed-layered C-S, C-V, and I-C occurrences in the study area are observed in both late diagenetic and anchimetamorphic series, and their amount and types are unrelated to diagenetic grades. Thus, the vertical distribution and amounts of mixed-layer clays were mainly controlled by source material and lithology. C-S, C-V, and I-C seem to be formed at the intermediate stages of transformation of detrital biotite to vermiculite, smectite, or chlorite, rather than by progressive transformation during burial diagenesis (Hoffman and Hower 1979; Chang et al. 1986; Nieto et al. 1996) . C-S appears generally in graywackes with volcanic fragments in the Ordovician Bakacak formation, as a result of an alteration process from volcanic biotite to C-S, as previously described by Inoue et al. (1984) and Inoue and Utada (1991) . The appearance of mixed layers C-V and C-S in the anchizonal rocks are inconsistent with metamorphic grade; therefore, these may represent the retrograde alteration products (e.g., Nieto et al. 1994 Nieto et al. , 2005 Bozkaya and Yalçın 2004) . The increase of C-V and C-S in the trioctahedral mica-rich levels exhibit the mixed layers derived from biotite during retrogression. Additionally, I-C is mostly originated from low-to medium-grade metamorphic rocks, such as metagranite, mica-schist, and mica-gneiss, by the reaction of chloritization of biotite (e.g., Veblen and Ferry 1983; Eggleton and Banfield 1985) during the burial diagenetic-metamorphic processes.
Siliciclastic and calcareous rocks of the ZT comprise mainly phyllosilicates (illite, chlorite, kaolinite, C-V, C-S, and I-C), quartz, feldspar, calcite, dolomite, hematite, and goethite minerals. Phyllosilicate assemblages of OrdovicianSilurian and Devonian-Carboniferous formations are illite + chlorite + I-C ± C-V ± C-S and illite + kaolinite + chlorite, respectively. Chlorite and chlorite-bearing mixed-layered minerals seem to be derived from both authigenetic and detrital origin as pore-filling and transformed from trioctahedral micas, respectively. The presence of authigenetic kaolinite and a decrease in chlorite bearing mixed-layers in the Devonian units are the main diversities for clay mineral associations. Late diagenetic KI values of Silurian rocks suddenly jump to early diagenetic KI values in the Devonian units. This also supports the sudden jump in the CAI data (Göncüoglu and Kozur 1998) . Similar changes were also observed in b cell dimension values of illites, as b values drop across the Emsian unconformity. Another mineralogic disparity for Silurian and Devonian was observed in illite polytype variations, where Ordovician-Silurian units contain generally 2M 1 + 1M d , whereas Devonian-Carboniferous units include 2M 1 + 1M + 1M d .
Regional correlation and comments on Variscan geological evolution
To conclude, the obtained mineralogic data point out that the Ordovician-Silurian rocks in the ZT were subjected to a tectonothermal event prior to the late Lower Devonian transgression and angular unconformity. The possible cause of this event in the ZT (and the corresponding one in east Moesia as described later in the text) is speculative. Some authors (e.g., Aydın et al. 1987; Derman 1997) suggest that it may be due to epeirogenic movements. Göncüoglu (1997) , in contrast, puts forward that this event should be related to a collision of the ZT with Laurussia, prior to the final closure of the southeast European Variscan ocean (Rheic, e.g., Nance and Linnemann 2009). Whatever the cause, the information accommodated in the last years clearly shows that this problem cannot be solved without considering the geological features of the other Paleozoic terranes at the southeast edge of the Eastern European craton, where a complex mosaic of Gondwanan and Laurussian terranes meet across the TransEuropean Suture Zone (e.g., Winchester et al. 2002) . By this, the geological features of four tectonic units (terranes) in this specific area and their equivalents, namely the Istanbul, west Moesian -Balkan -Kreishte, and east Moesian, will be evaluated and correlated with the ZT.
In the neighboring IT, which shares the same Cadomian basement and its Early Ordovician fluvial cover with Zonguldak, the regional unconformity associated with a tectonothermal event is not encountered (Bozkaya et al. 2011) . According to detailed conodont data, the Wenlock -early Emsian interval to the east of Bosporus is characterized by a complete succession of neritic carbonates, followed by late Emsian -early Eifelian sandstones and finally late Eifelianmid-Tournaisian nodular limestones and radiolarian cherts (Haas 1968; Boncheva et al. 2005) . The succession is interpreted as a depositional environment transitional from shelf to continental slope conditions during the Middle Devonian and finally from slope to deep basin conditions at the end of Devonian. By this, obviously, IT was in a dissimilar tectonic position and has not been affected by this event. As noticed previously, this dissimilar tectonic and probably also paleogeographic setting is underlain by the differences in the Devonian to Early Carboniferous sediments, which cannot be explained simply by lateral facies changes (e.g., Kalvoda et al. 2003) .
Based on its lithostratigraphical similarities, IT is considered as the eastward continuation of the Balkan terrane (e.g., Yanev et al. 2006) . The Balkan terrane is a piece of continental crust of Gondwanan origin (Yanev et al. 1995) . It actually includes different successions in the Kraishte region to the west of Sofia and in the Balkan Mountains. In the former area, the pre-Silurian rock units are not observed. The Late Silurian -Early Carboniferous interval includes preflysch and flysch-type deposits, with lydite and limestone intervals. By this, the succession of events in Kraishte is similar to the IT, with the restriction that the flysch formation starts considerably earlier. In the Balkan Mountains, which may include a part of the west Moesian terrane, the basement is characterized by Neoproterozoic -Early Cambrian ophiolites and volcanic arc, very similar to the Cadomian basement of the Istanbul and Zonguldak terranes in northwest Turkey. The Ordovician-Silurian successions are mainly made of siliciclastics and shales, more akin to the ZT. No deformation or stratigraphical break is observed in Early Devonian, and the Devonian -Early Carboniferous rock units are again preflysch and flysch type. Late Carboniferous -Permian sediments are posttectonic fluvial in character and coal-bearing. In brief, the stratigraphy of the Balkan terrane shows similarities both to Istanbul and Zonguldak terranes but lacks the Emsian angular unconformity and related thermal event, characteristic of the ZT. Moreover, the onset of deposition of flyschoidal sediments in foredeeps already in late Middle Devonian is indicative of its proximity to the Variscan accretional prism.
The last Paleozoic terrane with Ordovician to Late Carboniferous stratigraphy similar to Zonguldak is the Moesian terrane to the north of the east Black Sea Basin on the east continuation of the eastern European Platform (Yanev et al. 2006) . In the eastern part of the Moesian terrane in the Dobrogea Highlands, the Neoproterozoic to Cambrian basement is disconformably overlain by quartzitic sandstones of Early Ordovician age. The Middle Ordovician to Late Silurian interval is characterized by graptolite-bearing black shales and argillites (Seghedi et al. 2005) . A thick quartzite formation (Simirna quartzites) transgressively covers the Silurian successions. This boundary is described as an angular unconformity between the Late Silurian and Devonian successions on the northern and western Moesian Platform margin and in several boreholes in South Dobrogea (Paraschiv 1974 in Seghedi et al. 2005 . The following Middle Devonian to Early Carboniferous succession is represented by black limestones and dolomites of shallow-marine environment, grading into coal-bearing fluvial (delta and lagoon; Kerey 1984 for Zonguldak, Pană 1997 for east Moesia) sediments of Middle and Late Carboniferous. This Ordovician to Carboniferous lithostratigraphic development is almost identical to the stratigraphy of the ZT. Unfortunately, no mineralogical data is available across the Emsian unconformity from the east Moesian sections. However, the deformation of the argillites below the Eifelian Simirna Quartzites is attributed to the "Ardennian phase" in the classical sense by Seghedi et al. (2005) .
Another common and critical feature of the Zonguldak and east Moesian terranes is that they do not include the Variscan flysch deposits, the typical compounds of the Istanbul -west Moesian -Balkan -Kreishte terranes. In contrast, both the shallow-marine Middle Devonian -Early Carboniferous carbonates and the conformably overlying fluvial sediments with coal measures are indicative of a quiet platform-margin deposition. These may constrain the paleogeographic setting of the Zonguldak and east Moesian terranes to a completely different area, away from the Variscan orogenic front.
To conclude, as commonly accepted, all terranes under consideration (e.g., Yanev 1993; Göncüoglu 1997; Seghedi et al. 2005; Okay et al. 2008) were originally located at the northwest Gondwanan margin and drifted northward to collide with the Laurussian margin across the closing Paleozoic oceanic branches (Iapetus and Rheic oceans). From these, the Zonguldak and east Moesian terranes were in close association since Middle Ordovician, from whereon the lithostratigraphical differences to Istanbul -west Moesian -BalkanKreishte areas initiated. This difference may be caused by the opening of a restricted basin between the Zonguldak -east Moesian terrane and the rest, considering the deposition of graptolitic shales during Middle Ordovician to Middle Silurian in the Zonguldak-Moesian part. The absence of a thermal event in the pre-Emsian rocks in the Istanbul area excludes a heating, induced by extension-related thermal upwelding of mantle material and, hence, a separation of the Zonguldakeast Moesian terrane from the rest by a completed or aborted rifting. The differentiation of these tectonic units and the deformational event described in this study may indicate the presence of strike-slip faults, which would tear off Zonguldak -east Moesia from the Istanbul-Balkan terrane and penecontemporaneously give way to a low-temperature deformation by collision with a northerly located terrane. Such regional-scale faults are described in east Moesia (Seghedi et al. 2005) and in the Camdag area (Gedik and Önalan 2001) , northwest Turkey. However, their structural features are largely obscured by post-Variscan strike-slip displacements and Cimmerian and Alpine compressional tectonic events.
The juxtaposition of the Zonguldak -east Moesian and the Istanbul-Balkan terranes must have been realized prior to Late Permian, considering their earliest common cover in northwest Anatolia. According to present knowledge, no Paleozoic oceanic lithologies or remnants of a Variscan subduction-accretion prism representing a suture were known in northwest Anatolia. By this, Göncüoglu (1997) suggested that the juxtaposition of these terranes was also realized by oblique collision. Then again, the recent finding of a number of arc-type Late Carboniferous (Nzegge et al. 2006 ) rocks in north Anatolia and Late Devonian -Early Carboniferous detrital magmatic zircons in the Lower Carboniferous flysch of IT (Okay et al. 2010) clearly indicates that a Variscan arc of yet unknown origin is also involved in this collisional orogen.
